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PILU KHIEN SERVO
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Toém tat: Bai bdo nay gioi thiéu mot mo hinh tinh toan dong luc hoc cho hé Zhé'ng déng bo hai xylanh thuy luc su
dung phirong phap diéu khién servo. M6 hinh dwoc xdy dung diwa trén cong cu todn hoc sau dé mé phong tinh
toan trong Matlab/Simulink dé khao sat dac tinh dong lyc hoc cua hé Zhé'ng. Tur do cho phép khdo sat anh huong
clia mét sé thong s6 dén thoi gian dap u’ng qua do va sai s6 diéu khién ciia hé Zhéng Két qua thu duoc la co 56
cho tinh todn thiét ké, khai théc hiéu qua hé thong sir dung phwong phap diéu khién servo dang nay.

Tir khoa: Pong luc hoc, dong bo, xylanh thiyy luc, diéu khién servo.

1. GIOI THIEU

Dong luc hoc cua h¢ théng la mot yéu t6 then chét anh
huong truc tiép dén chat lwgng va hi¢u sut clia cac thiét
bi co khi. Viée phén tich va khao sat dong luc hoc khong
chi gitip xac dinh dap tmg t6i uu cua thiét bi trong qua
trinh vén hanh, ma con cung cap thong tin quan trong vé
d6 on dinh, d6 chinh xac va thoi gian dap Umg cua hé
thong. bay 1a co so can thiét trong qua trinh thiét ké va
phat trién céc nguyen mau may moéc mai.

Trong d6, h¢ théng dong bd hai xylanh thay luc
dong vai tro dac biét quan trong, nhét 13 trong cac hé
théng truyen dong co khi - thiy luc c6 kich thude 16n
va yéu cau van hanh cin bang nhu: ban ning, bung
nang, san ning, may ¢€p,... Viéc dam bao su cén bang
mit phing trong cac thiét bi ndy 1a yéu cau bat budc
nham tranh hién tuong nghiéng léch gy hu hong hoac
mat an toan. Dé dat dugc diéu nay, hai phuong phap
thuong duoc st dung la: thiét ké két cAu co khi tu can
bang va ap dung k¥ thuat dong bo xylanh thiy luc.

Trong cac hé thong c6 tai trong 16n va khoang cach
gitta cac xylanh 16n, giai phap co khi ty cén bang
thuong doi hoi két cdu phirc tap va chi phi cao. Nguoc
lai, phuong phap dong bo xylanh thong qua hé thong
thay Iyc khong nhitng don gidn hon vé mit thiét ké ma
con ¢6 chi phi thip hon, dong thoi vin dam bao hiéu
qué can bang can thiét.

Song song d6, hé thong khi nén ciing dugc tng
dung rong rai trong cong nghi€p, dic bit la trong cac
day chuyén san xuat tu dong. Do d6, cac nghién ciru vé
dic tinh phi tuyén va diéu khién dong b trong hé
thong truyén dong khi nén ciing dwoc chi trong, nhim
ning cao d6 chinh xac va tudi tho cua hé théng (Zhao
H and Ben-Tzvi P, 2016).

Nghién ctu cua (Chungeng Sun, 2023) trén hé
thong may dap cé nhidu co cau chip hanh cho thiy sai
s6 gitta cac xylanh dugc duy tri trong pham vi +0,1
mm. Trong khi do, (Gao et al, 2024) da phan tich anh
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hudng ciia cac yéu to phi tuyén, nhidu bén ngoai va b tri
hinh hoc cta cac xylanh dén hiéu qua dong bo. Két qua
cho thiy, hé théng diéu khién c6 thé dam bao sai s6 dong
bo trong giGi han cho phép, dong thdi han ché rung dong
va thay doi dot ngot trong qua trinh diéu khién.

Cac nghién clru gan day cling tap trung vao ung
dung van servo trong hé théng thuy luc, nhim ning
cao dg chinh xac va kha nang diéu khién vi tri cta
xylanh. Tuy thudc vao cau hinh hé thong va thuat toan
diéu khién duoc su dung, mic do on dinh va tudi tho
van hanh cua hé théng c6 thé dat duogc nhitng cai thién
dang ké (Shen W et al, 2021), (Lizhen L et al, 2024).
Nhirng nghién ciru niy nhdn manh tdm quan trong cua
viée toi uu hoa thiét ké va diéu khién dé nang cao hi¢u
sudt ctia cac hé théng co khi-thuy Iyc. ..

2. XAY DUNG MO HINH TiNH TOAN

2.1. H¢ théng dong b hai xylanh thiy luc sir
dung phuwong phap diéu khién servo
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1-Xylanh thiy Iuc 1 (c6 tai Fy); 2- Xylanh thay luc 2
(co tai Fy); 3-Van On-Off; 4-Van tuyén tinh;
5-Encoder 1; 6-Encoder 2
Hinh 1. Hé thong dong bg hai xylanh thiy e
st dung phwong phdp diéu khién servo
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Hinh 1 13 gian d6 mot mo hinh nghién ciru thiét ké
ché tao h¢ thong dong bd hai xylanh thiy luc tic dong
kép sir dung phuong phap diéu khién servo. O day
xylanh 1 dugc gin tai khong doi bat ky (F)) va dugc
diéu khién boi van phan phdi ON-OFF s6 3. Xylanh 2
chay véi tai khong doi bat ky (F,) khic vai tai Fy, duge
diéu khién boi van tuyén tinh sé 4. Vi viéc sir dung
céc cam bién vi tri 5,6 (¢ day la encoder) dua tin hidu
phan hoi dang tuong ty phan anh vi tri cua hai piston
ctia hai xylanh vé van phan phdi tuyén tinh, thong qua
phin mém diéu khién, ta c6 thé diéu khién d6 mo cua
van phan phbi ndy theo yéu cu dua trén tin hi¢u phan
hoi va dat dugc hiéu qua dong bo cac xylanh véi sai s6
nhdt dinh. Nghién ciru nay gia thiét bo qua ro ri dau
thay luc va gia thiét tai trong cho 2 xylanh khong ddi
nhim don gian hoa bai toan ma van phu hop véi thuc
té do cau hinh h¢ thong 14 hé diéu khién bam theo duoc
diéu khién nho tin hiéu tir cam bién vi tri xylanh. H¢
thong nay phu hop véi nhiéu tmg dung thyc té nhu hé
théng ning ha cira van thiy lgi, hé théng 1at khudn
trong nha may bé tong,...

2.2. Phuong trinh trang thai va ham truyén dat
ciia hé thong

Hinh 2 duéi diy mo ta hé thong trén theo dang so
d6 khoi:
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Hinh 2. So do khéi hé thong dong bé hai xylanh thiy lic

So d6 duoc xay dung tir 1y thuyét diéu khién theo
(Pham Cong Ng6, 1994)

Trong do:

X : D6 mo cua van On-Off ((3 day X, = const); X»:
DPd mo cia van Servo

Pi, Qi, P2, Qy: ap sudt, luu lugng dau thuy lyc vao
xylanh 1,2

Y2: Chuyén vi ctia piston xylanh 1,2

K2 Khau ty 1€ 1,2 ing v6i Encoder 1,2

Z,5: Tin hiéu tuong tu chuyén ddi qua Encoder 1,2

Hé phuong trinh trang thai cua hé théng duoc xay
dung nhu sau:

ZlZYl.Kl;ZQZYQ.KQ;X2221*ZQZY1.Kl'YQ.KQ (1)

Luu lugng vao xylanh 1:

0, =Y.4 @)
Trong d6: A; — Dién tich chiu ap cua piston phia

budng nén xylanh; Yl - véan tdc piston. O ddy bo qua ro

ri dau thuy luc.
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Luu lugng qua van phan phdi ON-OFF:
Q=wmdi.Xi/P,(1-R)/SG 3)

Trong do: p — Hé sb tiét luu cua van; d; - DPuong
kinh 16i van; P, — Ap suit ngudn (4p suit vao van) ;

Pl = Pl / Pn : Ap suét khong thir nguyén ciia P; SG
— Ty trong chét long cong tac.

Can bang luu lwong qua van va vao xylanh tir (2), (3)
ta co:

Y. 4 =p.nd.X.[P,(1-B)/SG “)

. wd —
V=ERX RA-R)ISG

1

Chuyén qua bién khong thir nguyén: }71 = Y1 / Y1 Max

- d —
v =25 x,[P(U-B)/SG
Al'YlMax
Vi tai Fy

\/Pn(l—}_)l)/SG = const;

cia xylanh 1 khong d6i nén

prd, D
it Ky =——— X ,/P.(1-P)/ SG
1°" 1 Max
Ta co: Yl = K3 (7)
T (7) ta ¢6 te d xylanh 1 khong doi, hay Q; = const.
Nhu vay, Py, Q; = const. Ham truyén dat cua hé
théng sé& lay ddu vao 1a Y, ddurala Ys.
Véi xylanh 2, ta ciing co:
Luu lugng vao xylanh 2:
0,=Y,.4, ®)
Trong d6: A, — Dién tich chiu ap cua piston phia
budng nén xylanh; Yz - van tbc piston. O day bo qua
10 ri dau thiy luc.
Luu lugng qua van phan phdi tuyén tinh:
Q=pnmd. X [P, (1-P)/SG ©)

Trong do: p — Hé sb tiét luu cua van; d, - DPuong
kinh 16i van; P, — Ap suit ngudn (4p suit vao van) ;
PZ = PZ / Pn : Ap suat khong thtr nguyén ctia P,; SG
— Ty trong chét 1ong cong tac.

Can bang luu lugng qua van va vao xylanh tir (8),
(9) ta co:

Y4, =p.ndr. % [P,(1-B)/SG  (10)
n 2
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Chuyén qua bién khong thir nguyén: )?2 =X,/ X, }72 = Y2 / YZMax

Y;Z = ﬂ y2X2Max\/Pn(1_F2)/SG
A YZMax

(11)

Vi tai xylanh 2 khong doi, ta co \/Pn (1 - Pz) /' SG =const

rd,
pat K =2, [P, (1-P) 1 SG
AZ' 2Max
Taco: ¥, = K,.X, (12)

Cac phuong trinh xdy dung trén duge tham khao tir
nghién ctru cua (Hoang Sinh Truong, Nguyen Trong
Diing, 2020)

Laplace 2 vé cua (12) ta co:

Yz(s)-S =K, -Xz(s) (13)
Tir (1), chuyén vé bién khong thir nguyén ta co:
X KXostar = Y- Y K Y Y, e K
X, =YK, -Y,.K, (14)
Véi:
K _ Kl'KMax . _ KZ'YZMax
0r — X >R 02 T X
2 Max 2 Max
Laplace 2 vé ctia (14) ta co:
X2<>_Yl<>K Yz()K (15)
Tu (13), (15) ta co:
Y = K6'X2(s) _ K (Yl(s) K, Y2(s) Ko,)
2(s) B <
K.Y, =Y, -(s+Ky) (16)
Ta c6 ham truyén cta hé thong:
)IZ(S)
G, = v
1(s)
K
G, =—>2 17
(s) s+K, (17
Ham truyén ndy c6 dang:
K
) 1 18
© Ts+1 (%)

Tir day, khi c¢6 duoc cac thong sd ciia hé thong
thuc, ta c6 cac gia tri K; T d€ khdo sat dong lyc hoc hé
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théng trén Matlab/Simulink.

3. MO PHONG VA THAO LUAN

Vi 3 bo gia tri gia dinh khac nhau cua hé théng:

Truonghop 1: K=1; T =1

Truong hop 2: K=1;T=2

Truonghop 3: K=1;T=3

St dung Matlab/Simulink md phong véi kich thich
ban dau 1a ham nic don vi tuong dwong véi kich thich
cho van ON-OFF, ta ¢6 3 db thi dap ng qua do cua hé
théng nhu hinh 3.

Step Response of G = K/(Ts+1)

Amplitude
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Hinh 3. 3 ddp vmg qua dé ciia hé thong img véi
3 bo thong so khdc nhau

Voi két qua mo phong nhu hinh 3, ta c6 mdt sb
nhin xét:

V6i cung gia tri K = 1 (dé so sanh):

Két qua truong hop 1: T =1 — hé thong phan ting
nhanh nhat.

Két qua truong hop 2: T =2 — phan tmg cham hon.

Két qua truong hop 3: T = 3 — phan tmg chim nhét.

Ta thiy khi T cang 16n, h¢ thong cang cham dat t&i
trang thai on dinh (¢ day 1a 1). khi thiét ké hé thong
diéu khién, nguoi thiét ké s& phai lya chon céc thong s6
hop 1y. Vi du hé s6 khuéch dai K (gain) cé tac dong
truc tiép dén hanh vi cia hé théng vé mit do chinh xac,
tdc do phan hdi va do 6n dinh. Ciing nhu phai lya chon
gia tri cho T, khong chi ctr chon T nho nhit. Khi T nho
thi hé thong phan hdi nhanh, tuong nhu ludn tot. Tuy
nhién, phan hdi qua nhanh c6 thé gay dao dong hoic
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qua diéu chinh néu hé théng chua duge diéu khién tét;
qua tai phan cing: cam bién, co cau chdp hanh khong
theo kip; gdy nhidu nhiéu hon vi hé thong phan tng
manh véi tin hiéu nhidu dau vao. Trong thiét ké bd
diéu khién, hé thong c6 T nho (thoi gian phan hoi rat
ngan) s€ yéu céu tan s lay mau cao hon néu diéu
khién sd, kho diéu chinh cc tham sé PID, vi hé thong
trd nén "nhay" va dé& mét on dinh.

4. KET LUAN

Bai bao da xay dung duwgc moét mé hinh tinh toan
dong luc hoc cho hé thong dong bo hai xylanh thity luc

duoc xay dung dua trén cong cu toan hoc sau d6 mo
phong tinh toan trong Matlab/Simulink dé khao sat dac
tinh dong luc hoc ctia hé théng. Tir d6 cho phép khao
sat anh huong cia mot s6 thong s6 dén thoi gian dap
g qua do va sai s diéu khién ctia hé thong. Két qua
thu dugc 1 co s& cho thiét ké nhim gidm sai léch két
qua tinh toan, khai thac hiéu qua hé théng. Hé théng
ndy hoan toan 1a mach vong khép kin c6 phan hoi. Day
1a nhirng két qua budc dau dé cac tac gia phat trién
nhitng nghién ctru tiép theo nham ché tao ra nhitng hé
théng c6 do chinh xac cao.

st dung phuong phap diéu khién servo. Mo hinh nay
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Abstract:
COMPUTATIONAL DYNAMIC ANALYSIS OF A DUAL HYDRAULIC CYLINDER
SYNCHRONIZATION SYSTEM USING SERVO CONTROL METHOD

This paper presents a computational dynamic model of a dual hydraulic cylinder synchronization system utilizing
a servo control method. The model is developed using mathematical tools and subsequently simulated in
Matlab/Simulink to investigate the dynamic characteristics of the system. This approach enables the analysis of
the influence of various parameters on the system’s transient response time and control error. The results
obtained serve as a foundation for the design and efficient operation of hydraulic systems employing this type of
servo control method.

Keywords: Dynamic, synchronization, hydraulic cylinder, servo control method.
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